The work aimed to create and share for public use an Interactive Map of the Main Bus Station in Lublin, using the base map as a primary data source. This solution may be an alternative to the most popular way of basing on the Google Maps or OpenStreetMap data. The final visualization was prepared by connecting digital geospatial data processing methods with land surveying techniques. The map was designed as an information system for travellers and other people moving through the bus station facility. The intended 'interactivity' includes the ability to display proper information about selected objects and choosing preferred viewing parameters, such as the scale or the type of base layer. The final product is an Internet application, created and published using the ArcGIS Online service, in contrast with the majority of similar applications, which are typically developed using Google Maps tools.
Introduction
A common disadvantage of travelling from transportation hubs, including bus stations, is the necessity of moving through a crowded area under time pressure. A vital problem for travellers may come from insufficient information about the situation of needed objects, such as for instance restrooms, shops or restaurants. The efficiency of bus station facilities such as information offices or information boards depends on the current location of each person and the view area, limited by other people and vehicles. A practical solution may be creating an Internet-based mobile information system, accessible using smartphones or other devices with touch screens.
In the present work, we aimed to create an Interactive Map of the Main Bus Station in Lublin, using several geospatial data sources. The product is a result of combining cartographic visualization with sharing the spatial data, complemented with the information about available bus connections. The final effect is a multifunctional web application, including a situation map showing bus platforms, nearby public transport, and other useful facilities. The supplementary content of the map is the information about the bus routes, nearby restaurant and other facilities, and links to potentially useful websites. The interactivity enables the user to choose the content of the map depending on current needs. In the design process, we collaborated with the management of the bus station -Lubelskie Dworce SA company -to obtain current databases, acquire necessary permissions, and distribute the product.
An interactive map against contemporary trends
The beginning of the 21 st century has brought remarkably dynamic expansion of Internet maps development technologies [Król and Prus 2016] . The term 'Internet maps' contains different kinds of solutions -from digital versions of traditional maps to extended multi-purpose online services of spatial information. There are more and more innovative products appearing in the virtual dimension, and the experts forecast their farther accelerated evolution [Gaździcki 2012 ]. Thanks to up-to-date technologies, access to spatial data is becoming more common, also amongst average users [Gagliardi et al. 2017] .
Arising geoinformation services with various thematic data are usually designed as a combination of database elements, and geospatial visualization understood as a display of geographic information on a map [Król and Prus 2017 , Gaździcki 2012 , Pochwatka et al. 2017 . One of the modern forms of sharing spatial information is an interactive map, being a more efficient alternative to traditional maps. The 'interactivity' in connection with cartography mainly means the ability of the user to determine the range and form of presented data [Macioch and Malmon 2010] . That solution makes it possible, inter alia, to adjust parameters and content of the map to the current user needs, and to combine large quantity of information in one complex product [Smith 2016 ]. However, obtaining such results relies on cartographic knowledge and geoinformatics skills, including operating specialist software [Aletà et al. 2017] .
The complexity of interactive maps designing process is differential, and it depends mainly on the technological sophistication of the target result. In some cases, these activities are diminished to combining and publishing several data files, however, usually creating a complete spatial visualization must be preceded by working on collecting and modifying the information [Król and Prus 2017] .
The characteristics of researched area
The Main Bus Station in Lublin has been operating in its current location since 1967. The object is situated in the centre of the city, on Aleja Tysiąclecia (Millennium Avenue) -one of the largest and busiest streets of Lublin. The area of the bus station is neighbouring the historical buildings of Podzamcze district. On the other side of the avenue, there are Lublin Castle and The Old Town -the oldest existing part of the city. In the past, the area was a Jewish district, transformed into a ghetto during World War II. In 1942 the residents were displaced, and the buildings gradually fell into disrepair. After the war, ruins of the former district were turned into Aleja Tysiąclecia, Plac Zamkowy (The Castle Square) and the Main Bus Station in Lublin [Kuwałek 2003 ].
The placement of the facility in accordance with the city topography and its main function mean that crowds of people visit the bus station daily. The buses that stop at this station are the means of transport for lots of those studying and working in Lublin -a leading economic and academic centre of the region. The location of Lublin itself may also influence the traffic that goes through it. Especially the proximity to the eastern border of Poland (incidentally, also the eastern boundary of the European Union) and the relatively small distance to the capital city create favourable conditions for the development of Lublin as a communication centre. According to the reports by the local press, every year up to four million people may visit the Main Bus Station in Lublin [Szlachetka 2017 ].
The internal part of the bus station and the neighbouring facilities are assumed as crucial for the travellers. The map featured, inter alia, public facilities such as shops, restaurants, vending machines et al. The station hall with ticket offices was also marked on the map, as well as the office of station management, a local market and the nearest streets with the public transport facilities. Their usability from the point of view of a user, understood as a traveller who does not know the topography of the area, was adopted as the selection criterion.
Materials and methods

Digital base map as a source of spatial information
The base map is a standardized, large-scale cartographic visualization. It contains information about the situation of geographical objects, elements of cadastral data, and the utility infrastructure [Act 1989, Bielecka and Izdebski 2014] . Local geodesy and cartography documentation centres, due to current law regulations, were required to create the base map in digital formal, based on information from databases, updated using geospatial data sources. In the case of this kind of data, the accuracy of the presentation is equal to the accuracy of measurement results with an error of less than a few centimetres. The vector record of the objects' geometry eliminates the influence of line thickness on the map reading correctness and, moreover, enables changing the scale or modifying the content using suitable software. Therefore, the digital base map may be used as a primary source for other cartographic elaborations [Bielecka and Izdebski 2014] .
In practice, parts of a digital base map coexist with parts mapped by way of digitalization and vectorization of analogue maps, with a scale equal to 1:500 or less, which significantly decreases the accuracy of presented data and increases the likelihood of mistakes. Besides, not all the information on the map is completely up-to-date. Frequently, despite the expected correctness of the map, the materials obtained from land surveying and cartographic documentation centre require verification. In some cases, it is enough -in order to verify the data − to compare it with a current satellite or air images (e.g., orto-photomaps); however, sometimes a land measurement update is necessary. The assumed distortion depends mainly on the type and expected accuracy of the project.
Research methods and technologies used
The project process may be divided into two main stages. The first stage was an acquisition of the underlying data. Up-to-date data requirement and its accuracy guided the choice of data needed. The preliminary analysis was mainly performed with reference to a digital base map, obtained from Geodesy Department of the Lublin Municipal Authority in a vector DXF format. Missing data, consistent with the actual state, was obtained from the land survey. The surveying process included a situation measurement with a GNSS receiver, using the RTN method with reference to a statically measured point. The survey was performed with a Topcon HiPer V device, with the correction data from the TPI NETpro service. The additional, subsidiary information source, used in the comparison process, was the city geoportal of Lublin. All of the materials were compared and corrected, in order to achieve as high data reliability as possible.
The second stage consisted in graphic processing of the data from the database, using the following software: AutoCAD, EWMAPA, Inkscape, WinKalk, ArcMap, and ArcGIS Online. The final product is the result of the multistage process, combining several geoinformatics techniques and cartographic visualization methods.
The process of creating the Interactive Map of the Main Bus Station in Lublin
Choosing the source of basic data
One of the crucial processes of the initial stage of map creation (the conceptual stage), is adopting the range and themes for the visualization, and the choice a suitable data source [Medyńska-Gulij 2013] . In the course of designing the Interactive Map of the Main Bus Station in Lublin, the planned data sources were the elements of the base map. The choice was determined by accessibility and relatively high reliability of information -according to the assumption that the content of the base map should present accurate data, collected in the process of land surveying (either collected directly, or processed by digitalization). However, the accuracy of the data may be differentiated and, in some cases it needs to be verified and corrected, so that it can be used properly.
As an alternative data source, it is worth to mention the existing geoportals and other web maps (provided that the required objects have been digitalised). In the first case, there is a technical possibility of using the governmental or the municipal ortophotomap in order to vectorize the objects from a photo. However, this solution might cause some procedural inconveniences, associated with obtaining the required permits. An additional difficulty, in the case of the bus station map is that the lines of the curbs are covered by the shelter roofs. Using web maps usually also requires permissions from the administrators of respective services. An exception may be the OpenStreetMap Geomatics, Landmanagement and Landscape No. 3 • 2019 service, used for sharing free geospatial data, although the content created by the users would have a varied degree of accuracy and reliability. Using this kind of source may be appropriate for designing less-detailed visualizations, for instance, for presenting a rough situation of streets and buildings.
Collecting, selection, verifying and correcting the spatial data A continuous fragment of a vector base map was obtained in a DXF format, including fifteen evidential parcels, of the studied area and neighbourhood of the bus station. Due to the presence of unnecessary data layers (e.g., utility infrastructure), the materials were processed by making a selection in the AutoCAD software (Fig. 1) , and then exported to the EWMAPA program. The choice was determined by the functionality of this kind of software, emerging from its compatibility with the regulations of law ruling the visualization of the geospatial data. As a result, a situation map was obtained, including the polygon layers of buildings, and a linear layer of curbs. For the generalization of the visualization process, presenting the polygon layers of the roads and pavements was aborted -the layout of the curbs was appropriate for the location of these objects. According to the expected reliability of the final representation, some control field observations were completed before the beginning of the map editing process. In spite of supposed correctness of the base map, there were significant discrepancies observed in the curbs system. This mistake would have a direct impact on the bus platforms layout, which would make the map incorrect and useless. Therefore, a decision to conduct further field measurements was taken. The works included measuring the essential elements of the bus station's interior and, additionally, some orientation points, such as the rough location of bus stands and front doors of the buildings.
From the available methods of measurements, satellite measurement with a GNSS receiver using an RTN mode was selected. The solution was recognized as optimal thanks to its ability of relatively speedy data registration and independence from traffic inconveniences. Accuracy down to a few centimetres, typical for this technique of measurement, was approved as sufficient for the present work. In the case of more accurate total station surveying, there was a significant problem of covering the visibility by pedestrians and vehicles. Moreover, when placed on the platform, the instrument would be exposed to vibrations, and the works might cause an inconvenience for people walking and drivers passing by.
During the surveying process, we have noticed one of the disadvantages of the techniques used: receiving the coordinates of some of the arranged points has turned out to be impossible because of an insufficient signal from the satellites, caused by the disruption of the satellite coverage by roofing and other structural elements of buildings. As a solution, pairs of subsidiary points were measured, and the missing coordinates were received from the lines' intersection equations. The calculations were carried out using the WinKalk software, and the result was exported as a text file.
The collected data, consisting of 329 points, was imported to the EWMAPA program and mapped according to the terms of the Regulation of the Ministry of Administration and Digitalization of 2 November 2015 as the Topographic Objects Database and the Base Map [Regulation 2015 ]. This has ensured the compatibility of the newly created map with the base map obtained from the Council. Further corrections focused on replacing the invalid fragment with the corrected version, while maintaining the continuity of the objects.
Creating the interactive map
Standardization of the processed layers of objects resulted in generating a vector map, with the intention of transforming it into the base for the interactive map. For this purpose, all of the topography elements of the studied area were converted into objects compatible with the cadastre and Topographic Objects Database standards. The default existing attribute tables were extended to include the category of precise definition of the function of each object. The finished objects were exported in the form of shapefiles -a format used by Esri software, including the ArcGIS Online service, to be used at a later stage for the purpose of creating and publishing the interactive map. An essential part of the shapefile was a PRJ file, defining the coordinate reference system of the map. The default shapefile, exported from EWMAPA, was incomplete because of the lack of the PRJ file and it needed to be supplemented by a downloaded component of a Poland CS2000 Zone 8 coordinate system, that is the official system for mapping the studied area in a large scale [GIS Support].
Data modified in the EWMAPA program would already enable the possibility of reading the land topography and displaying the information about the objects, based on the attribute tables. This effect would be labelled as an interactive map, provided that it was presented on a suitable platform understood as a device enabling changing the scale, moving the current visualization, choosing active layers and displaying database information about the mapped objects [Bąk et al. 2013 ]. However, this kind of visualization would not meet the requirements of practicality and intuitiveness of the map. A graphical modification was made in order to increase the usability of the display. The shapefiles were imported to the ArcMap program, a multifunctional solution for cartographic and geoinformatics works. The colour symbolization of the buildings was diversified according to their functions. This enabled displaying the categories of public utility sites in the map's key.
The last stage of the design process was implementing the compressed set of map layers into the ArcGIS Online web platform, intended both for creating and modifying the geospatial visualizations and hosting the maps on its server. Offered by the platform, the map editing facilities were used to upload interactive signatures, present numbers of bus platforms, public utility places, and other usable objects such as taxi rank and the nearest public transport. According to practical considerations, the picture signatures were regarded as the optimal solution, directly associating with symbolized objects and not requiring additional explanations in the map's key [Nieścioruk 2013 ]. The graphics of the signs was designed using free software for vector graphics -Inkscape. The primary assumption was their intuitiveness and visual attractiveness, having a significant influence on the map reception by the users [Wieczerzycki 2014 ]. The signatures (Fig. 2) were placed on the map and extended to include some information, which can be displayed by tapping each of the points and following diversified types of objects.
Source: Authors' own study As an example, the signatures of the bus platforms may show the destinations of the buses, the symbols of public utility places -their category, photograph and, whenever possible, address of the website. Furthermore, in the central location of the visualized area, an information button was placed, enabling the display of the map using instructions, and redirecting to a site containing an alphabetically ordered list of the available bus destinations with their respective platform numbers. We intentionally refrained from featuring the timetables, because of the inconvenient necessity of updating their content, whereas some comprehensive information service, including arranging a travel plan and ticket reservation, is available on the website of the Lubelskie Dworce SA company.
Publishing the product for free use Designing a map with the ArcGIS Online service enables a possibility of noncommercial publishing the product on a server belonging to the owner and administrator of the system -Esri Inc. company. In the process of placing the map on the Internet, a shortened web address was received. The link enables every Internet user to display the map (Fig. 3) . Additionally, due to arrangements made before the designing process, the map will be shared on the website of Lubelskie Dworce SA company. Moreover, dedicated stickers with the web address of the application, the QR code, and some short information about the content, will be placed in key locations of the bus station in order to help the travellers find out about the interactive map.
Source: Authors' own study 
Conclusions
As a result of the project, a complete spatial visualization of the bus station area was obtained, featuring in particular the objects that are useful for travellers, including bus platforms and the accompanying infrastructure. The graphics layers are extended to include a set of information about the presented objects and bus destinations, displayed on demand. The application is compatible with mobile devices and, therefore, it may be used as a comprehensive tool, assisting the travellers in moving through the station area. The intuitiveness of the visualization and the option of location tracking may be helpful in the orientation. The interactive features were designed to reduce the problem of displaying unnecessary information. Moreover, the application enables viewing the selected background map (e.g. the OpenStreetMap) beyond the station area, which improves the functionality of the tool significantly. The technology applied enables the map to be modified and overwritten with the same web address by the administrator each time when it needs an update.
Currently, the product is available on the Internet, at the following address: https:// www.arcg.is/vm4fm. Furthermore, the application works on the Lubelskie Dworce SA company's website, and in the near future, it will be also accessible by scanning the QR code from the stickers located throughout the bus station area.
Using the corrected and processed fragment of the base map, as expected, resulted in generating transparent terrain visualization. The chosen method of land surveying proved sufficiently accurate and the designing process may be recognized as successful.
The end product meets the requirements but it is not free of certain drawbacks. As an example, the platform we have used does not enable designing an interactive browser, related to the database. The existing browser is limited to the geographic data, what is significantly insufficient for this type of visualization.
The availability of various tools of geospatial data processing and technological methods of sharing that data opens many different options for modifying the application in order to upgrade its functionality. An essential goal to accomplish in the future is transferring the interactive map into a dedicated web service. This solution will enable unlimited extension of the project and its optimization in terms of communication with the users. One of the most crucial problems likely to be solved in this way is creating an automatized browser of connections and useful places, which can help the user in travel planning.
